Patients requiring hemodialysis have a variety of dialysis-associated complications. In particular, hypotension is a potential complication of chronic hemodialysis patients, which unexpectedly occurs during treatment and interrupts the continuation of dialysis, creating feeling of distress for the patients. Recently, the Crit-Line monitor has been clinically used and the signs of dialysis hypotension can be recognized by monitoring the blood volume changes ( BV) before the actual onset of the disease. However, the Crit-Line monitor is not omnipotent and can only help to prevent the development of dialysis hypotension secondarily and in a predictive way. In light of stabilizing blood pressure during dialysis and preventing dialysis-associated hypotension, we have focused on the venous return as a factor leading to stabilization of the blood volume changes BV, and investigated the possibility that accelerated venous return results in maintaining blood pressure during hemodialysis. The subjects of this study are 8 hemodialysis patients on maintenance.We used a sequential pneumatic compression massage tool (foot pump) to accelerate the venous return during hemodialysis. First, the venous return was accelerated by a continuous massage with foot pumps during hemodialysis. Conditions of the massage were classified into 3 categories: Condition was no massage (control), Condition ¡ was a slight massage, and Condition ¢ was a hard massage. Values of BV were observed under these conditions for two weeks. As a result, more significant stabilization of BV in the latter half of hemodialysis session was found in the groups with massage. Sensory changes were also studied and compared: Pre-dialysis, post-dialysis, and after returning home. In Condition ¡ a significantly better result of sensory changes was obtained after dialysis than before dialysis. Furthermore, it was confirmed that massage prevents peripheral circulation by measuring the transcutaneous partial pressure of oxygen (tcPO2), which was monitored continuously during hemodialysis. Consequently, any changes showing significant differences were not found during dialysis. In this study, a possible prevention of dialysis hypotension by accelerating the venous return is discussed.
INTRODUCTION
The number of dialysis patients on maintenance is increasing in Japan every year. The Japanese Society for Dialysis Therapy reported that more than 280 thousand patients required dialysis at the end of 2008.
Among the dialysis maintenance patients, most are hemodialysis patients, who have, in general, a variety of complications. During dialysis therapy, dialysis hypotension is a serious complication, because it causes a sudden decrease of blood pressure during treatment and prevents the patients from continuous dialysis. The incidence of its occurrence is approximately 10 to 30% among hemodialysis patients. Frequent occurrence indicates a poor prognosis for life.
Current dialysis therapy is aimed at an automated dialysis system (automated method) of dialysis treatment. Since dialysis hypotension is a cause for preventing the patients from continuous dialysis treatment, dialysis hypotension is disadvantageous to the development of automated dialysis therapy. Thus, simple prevention measures for dialysis-induced hypotension are demanded in the automated environment.
Treatments with medication and infusion of normal saline are in general effective management for this disorder. However, these treatments are physically unacceptable for patients. In recent years, some modified dialysis treatments have been reported for prevention of hypotension, but have not been in general use because of technical problems.
The authors suggest that increased venous return might accelerate water flow from the third space (interstitium) into the blood vessels, which has something to do with blood pressures. We examined the relationship between dialysis hypotension and venous return.
OBJECTIVES
We examined whether or not the increased venous return can prevent the occurrence of dialysis hypotension during treatment. We also analyzed the relationship between venous return, blood pressure, and the autonomous nerve system by using bio-monitors. Based on the analysis results, conditions for preventing dialysis hypotension are analyzed. We report the effects of increased venous return on blood pressure in patients under dialysis treatment.
SUBJECTS
Eight patients (3 males and 5 females) under maintenance hemodialysis therapy with good dialysis tolerance are the subjects of this study. Informed consent was given from all patients. The primary disease for each patient was; diabetic nephropathy (3 cases), polycystic kidney (2 cases), chronic glomerulonephritis (1 case), nephrosclerosis (1 case), and autoimmune nephritis (1 case). The duration of dialysis of the subjects was 8.4±2.4 years (mean±SD) with an average age of 69.9±2.4 years (mean±SD).
METHODS
To increase venous return during dialysis, subjects received a massage with a Sequential Pneumatic Compression (Foot pump), Carethrom by Sigmax, Inc. (Fig. 1) .
A foot pump is a therapeutic tool for passively constricting or dilating the muscles used for the patients during prolonged bed rest. It is generally used for prevention of pulmonary thromboembolism, but it is also known to be effective for accelerating venous return as well as lymph perfusion.
The conditions for massage are as follows:
£ no massage during continuous dialysis (control group), ¤ massage with 40mmHg for every 30 seconds during continuous dialysis, and ¥ massage with 60mmHg for every 5 seconds during continuous dialysis (Table 1 ).
All subjects (8 patients) were under dialysis treatment for each condition given above. The observation period for each condition was two weeks.
Blood volume changes (¦ BV), Visual analog scales (VAS) of warm sensation and feeling of relief, transcutaneous partial pressure of oxygen (tcPO2), removal amount and removal rate of urea nitrogen (UN) and creatinine (Cr) were measured during the observation period. § A decreased rate of ¦ BV in each group was compared in 1 hour and in 4 hours after dialysis started.
¦ BV was measured every one hour from the beginning of dialysis to the end of dialysis and was compared between groups. § VAS (warm sensation and feeling of relief) was measured before dialysis, after dialysis, and later (returning home), and was compared between groups. § tcPO2 was measured before dialysis, 2 hours after dialysis, 4 hours after dialysis, and was compared between groups. § (Fig. 2) . Regarding changes in sensation using VAS, significant difference was noted in both warm sensation and relief sensation in ¤ (p<0.01) (Fig. 3) . Warm sensation was significantly noted between [pre-dialysis vs post-dialysis] and [pre-dialysis vs after returning home]. Significant differences in relief were noted between [pre-dialysis vs post-dialysis]. There was no significant difference in time-series changes between £ and ¥ . There was no significant change in tcPO2 under any conditions in a time-series manner (Fig. 4) . There was no significant difference in removal rate and removal volume of UN and Cr between each condition (Fig. 5) . 
DISCUSSION
Blood pressure in patients during dialysis therapy is maintained by compensation functions such as a decrease in blood vessel volume by venous constriction, increase in systolic constriction and heart rate, and raised vascular resistance. In dialysis therapy, an excess amount of water is removed from blood vessel by ultrafiltration, and a process called plasma refilling follows which pulls water from the extravascular space into the blood vessels. Plasma refilling is also an important factor for maintenance of blood pressure during dialysis.
In recent years measurement of b BV by the Crit-Line monitor has been frequently used for blood pressure control during dialysis. It is possible to visualize the change in circulatory blood volume in the body by measuring b BV with the change of Ht. This change is known to be dependent on plasma refilling. There is a report available that b BV is correlated with blood pressure.
This study suggests the possibility that increasing venous return in the leg may lead to prevention of dialysis hypotension by measuring b BV. In this study we used a pneumatic compression massage tool. Some diseases such as severe arteriosclerosis and ischemic diseases are contraindicated with the use of this type of massaging tool. We measured tcPO2 under Condition c through d to confirm any obstruction in blood flow in the leg, and no decrease in tcPO2 was found at any condition tested. This result suggests that there is no obstruction in peripheral circulation under any given conditions. We examined sensation changes by using VAS and a significantly good result was obtained with some massage (Condition e in this study). Some patients under Condition d had pains. Excessive pressure or the speed of a massage tool may be the cause of pains.
The removed volume and removal rate of both UN and Creatinine were examined. We anticipated that the removal rate stays constant, and the amount of removal increases if b BV is not decreased. However, there was no significant difference between groups in both the removal rate and the amount. In this study, cases were scarce and subjects were not grouped depending on the presence or absence of dialysis hypotension. The difference in b BV should indicate a possibility that the increase of venous return will induce plasma refilling from the interstitium into the blood vessels. In future studies, more cases with changed conditions will be investigated, and accumulating data may change in the amount of removal accordingly.
These results described above indicate a possibility that the increase of venous return will be effective for prevention of dialysis hypotension. The relationship between venous return and blood pressure during dialysis remains to be clarified for future investigation.
CONCLUSIONS
We have succeeded in carrying out safe dialysis therapy by increasing venous return during dialysis, in which b BV is stable. The method for increasing venous return is simple using a pneumatic compression massage tool.
In addition, this method had the advantage that the patient becomes comfortable with the warm sensation and feeling of relief after dialysis. The following are the subjects for consideration in our future work. 
